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EFFECT OF URBAN RUNOFF ON THE QUALITY OF LAKES
IN EAGAN, MINNESOTA

By L. H. Tornes

ABSTRACT

Sixteen lakes in the city of Eagan, Minnesota, were sampled during 1982-83
to detect water-quality changes that might have occurred because of
urbanization since a previous study conducted during 1972-78. Each of the
lakes was sampled five times to determine pH, specific conductance, dissolved
oxygen, water temperature, transparency, and concentration of dissolved
chloride. Three determinations of chlorophyll were made for each of the lakes
near the end of the study, and additional determinations were made for a few
lakes of particular interest.

Most of the lakes have been incorporated into the city’s storm-runoff
system for use as retention basins during large storms. The chemistry of the
lakes appears to be degraded by urban runoff. Chloride concentrations were
significantly higher in six lakes than during the previous study, and remained
elevated (about 30 milligrams per liter) in four other lakes. The association
between increased chloride and specific conductance with runoff from urban
areas suggests that the lakes are subject to contamination by chloride
commonly present in urban runoff, and chloride concentrations harmful to
aquatic life may have been associated with high specific conductance measured
in one of the lakes.

Analysis of the data collected for this study indicate that the
chemistry of the lakes changes, adjusting to a variety of influences including
(1) alternate loading and flushing by runoff, (2) excessive average-annual
precipitation, (3) changing ground-water and lake interactions, and (4)
changing land use in the lake watersheds. Some lakes affected by urban runoff
had reduced concentrations of total phosphorus; however, other lakes
unaffected by urban runoff also had significantly lower phosphorus, suggesting
that increased precipitation may have diluted the lake water. Ten phosphorus-
loading models tested or developed during the previous study generally were
found to be inadequate for describing the results of this study. The trophic
status of 12 1lakes improved but declined in the other 4 1lakes, and
productivity increased 38 percent in what had been the least-eutrophic lake.



INTRODUCTION

The city of Eagan, with a 1980 population of 20,700 (U.S. Department of
Commerce, 1982), is a rapidly growing suburb of the Twin Cities Metropolitan
Area in southeastern Minnesota. The evolution of this area from an
agricultural community to one dominated by 1light industry and extensive
residential development has led to concerns about the effects of urbanization
on the quality of the numerous lakes and ponds in the city. Seventeen lakes
and ponds were sampled during 1972-78 to establish the baseline quality of the
Eagan lakes. Findings from the first 2 years of this study were presented in a
report by Have (1975). Ayers and others (1980) presented the lake-quality data
determined from 6 years of sampling, explained changes in lake quality observed
during the study, and evaluated several phosphorus-loading models that might be
used to determine changes in lake quality that result from urbanization.
Sixteen of the 17 lakes were resampled in 1982-83.

During the last several years, many of the lakes and ponds in Eagan have
been incorporated into the storm-sewer system to serve as retention basins for
storm-water runoff according to the plans of Bonestroo and others (1978).
Concern over the effect of storm water and continued urbanization on the
quality of the Eagan Lakes resulted in a follow-up study performed by the U.S.
Geological Survey in cooperation with the city of Eagan. Although most of the
work had been completed, installation of the storm-sewer system continued
during this study.

Purpose and Scope

The purposes of this report are to summarize the results of the 1982-83
study and to compare the results with those obtained during the previous study
to detect changes in lake quality. Trends in lake-water quality are evaluated
to determine their relation to land-use changes in the watersheds. Lake-
quality models developed during the previous study (Ayers and others, 1980) are
retested using the expanded data base and updated values for the parameters in
the models. )

Physical Setting and Storm-Sewer System

The city of Eagan (fig. 1) is located in the northwestern part of Dakota
County, Minnesota, and borders on the Minnesota River to the northwest. The
mean annual precipitation for this area is about 27.5 inches, most of which
occurs during April through September. The lakes included in this study are
situated in clay, sand, and gravel deposited by glaciers about 10,000 years
ago. None of the lakes have natural outlets at normal stages, indicating that
lake stages depend on precipitation and interactions with the local ground
water; normal lake elevations probably reflect the changes in precipitation and
the elevation of the water table in the immediate vicinity of the lakes. The
lakes, ponds, and marshes in this region probably are major points of recharge
to the ground-water system following heavy rains and snowmelt. Regional
ground-water flow is towards the Minnesota River.









Table l1.--Numbers and types of laboratory determinations made on samples
collected in 1982-83 from the Eagan lakes

Nitrogen
Chlorophyll Phosphorus Dissolved Total Suspended solids
Dissolved nitrite + ammonia +
Lake chloride a b Total Dissolved nitrate organic Total Volatile
Blackhawk 5 5 5 5 5 5 5 5 5
Boesel 3 3 3 3 - - - - -
Burview Park 4 3 3 4 1 1 1 1 1
Cedar Grove 3 3 3 3 - - - - -
Donaldson’s 3 3 3 3 - - - - -
Fish, top 5 5 5 5 4 5 4 4 4
Fish, bottom 5 - - 5 5 5 5 5 5
Holland, top 5 5 5 5 5 5 5 5 5
Holland, bottom 5 - - 5 5 5 5 5 5
Jensen 3 3 3 3 - - - - -
Lakeside Estates 3 3 3 3 - - - - -
Langhoven 2 2 2 2 - - - - -
Lemay 3 3 3 3 - - - - -
McCarthy 3 3 3 3 - - - - -
Shanahan 3 3 3 3 - - - - -
Slater’s Acres 3 3 3 3 - - - - -
Thomas 5 5 5 5 5
Wilderness 3 3 3 - - - - -




Because the remaining 12 lakes in table 1 were less important in terms of
water use, samples for analysis of dissolved chloride, chlorophyll, and total
phosphorus were mnot collected until the last three wvisits to the lakes.
Burview Park Pond was sampled for other purposes in July 1982; concentrations
of dissolved chloride, total phosphorus, total and volatile suspended solids,
total ammonia plus organic nitrogen, dissolved nitrite plus nitrate nitrogen,
pathogenic-indicator bacteria, and genera of phytoplankton were determined
because local residents were concerned about health hazards to persons that
swim in the lake. A sample was not collected from Langhoven Pond in February
1983, because the lake was frozen to the bottom.

The data interpreted in this report has been published in the annual
water-data reports of the U.S. Geological Survey (1975-79,1983-84) or is
available in the Minnesota District office of the U.S. Geological Survey.

Lake and drainage areas and normal and maximum lake elevations were
obtained from a report by Bonestroo and others (1984), that contains the most
recent and readily accessible information about the lakes and watersheds in the
study area. Developed areas within the lake watersheds were planimetered from
illustrations contained in the appendices of that report.

Statistical Analysis

The concentrations obtained for samples collected during the previous
study were compared to sample concentrations determined for this study. The
Wilcoxon two-sample statistical test (Snedecor and Cochran, 1967) was
performed to determine whether values of chloride, phosphorus, specific
conductance, transparency and other selected measurements for this study were
significantly different from values for the previous study but the usefulness
of this test was limited because only 5 or fewer values from this study were
available for testing. Values were considered to be significantly different
if the Wilcoxon test showed that they had at least a 95 percent chance of
being different other than from chance alone.

Certain water-quality values obtained during this study required special
treatment when they were analyzed statistically because they were limited by
analytical sensitivity (detection limits) or physical constraints (shallow
lake depth). Readings of Secchi-disk transparency that were limited by the
relatively shallow lake bottom would have been greater, but are summarized as
if the wvalues were correct and are qualified by footnotes when listed in

tables. Concentrations of nitrite plus nitrate nitrogen and dissolved
phosphorus frequently were below detection limits and were reported as <0.1 or
<0.01 mg/L (milligrams per liter), respectively. In statistical summaries

these and other "less than" values are treated as real numbers except in the
computation of the arithmetic mean, when the less-than values are assumed to
equal one-half the detection limit.



Modelin

Ten equations were tested or developed by Ayers and others (1980) to
simulate the loading of phosphorus into the lakes and possibly to predict their
future quality. Many of the parameter values, including drainage area, lake
depth, runoff coefficients, and phosphorus-loading rates, used in these models
have changed substantially since that report was published, particularly
following the installation of the storm-sewer system. The models were retested
for this report using updated parameter values to determine their applicability
to the study lakes.

The drainage areas used in the phosphorus-loading models are those listed
in subsequent tables as "direct drainage area." Most of the lakes studied have
total drainage areas that are many times larger than the direct drainage area
as a result of the installation of the storm-drainage system. The increased
drainage area probably will increase the volume of water received by each of
the lakes, but because this is difficult to quantify, being dependent on storm
intensity, ponding-area capacity, and many other factors, it will not be used
in the models.

A greater load of phosphorus probably will be received by the Eagan lakes
because of the increased drainage area, but this also would be difficult to
quantify. However, much of the phosphorus in runoff, being sorbed to sediment
particles, will settle to the bottom in ponding areas adjacent to and upstream
from the lakes receiving runoff. To keep the phosphorus models simple, it is
assumed that the only phosphorus received by the lakes will come from direct
drainage and the phosphorus from indirect runoff will be negligible; however,
if sediments become anoxic or large storms disturb sediments in ponding areas,
phosphorus could be mobilized and carried to the lakes.

For Holland and Fish Lakes, differences in lake elevations and
corresponding lake areas from 1978 to 1984 reported by Bonestroo and others
(1978 and 1984), were used to calculate the change from 1972-78 average depths
reported by Ayers and others (1980) to 1982-83 average depths. The shallowest
lakes, Langhoven, McCarthy, and Slater’s Acres, were assumed to have mean
depths equal to the mean maximum depth over the study period because of their
virtually flat bottoms. Jensen Lake was assumed to have a mean depth equal to
90 percent of mean maximum depth, whereas the mean depth for the rest of the
lakes was assumed to equal 80 percent of the mean maximum depth (Ayers and
others, 1980).

Several coefficients used for input to the phosphorus-loading models
discussed later in this report were obtained from the results of a Twin
Cities-area urban-runoff study (Ayers and others, 1985). Mean annual surface
runoff coefficients were 0.14 for undeveloped areas and 0.27 for developed
areas. Phosphorus concentrations in urban (storm sewered) runoff, rural
runoff, and precipitation used to calculate a value for LOADP, discussed later
in this report, were assumed to be 0.780, 0.310, and 0.038 mg/L, respectively.



The average annual precipitation during this study was determined from the
mean monthly averages for the Minneapolis-St. Paul Airport and the Rosemount
Agricultural Experiment Station (National Oceanic and Atmospheric Administra-
tion, 1983-84). An annual average of 38.88 inches of precipitation during the
study was about 11 inches above normal. Because this above-normal value might
misrepresent a process that averages the effects of many years of climatic
influence, the mean annual precipitation for the area, 27.5 inches, was used in
the phosphorus-loading models.

Additional information concerning the derivation of input parameters and
the development of the phosphorus-loading models is discussed in Ayers and
others (1980).

GENERAL DISCUSSION OF LAKE QUALITY

Inorganic Constituents

Median specific conductance was higher in this study than previously for
11 of the 16 lakes sampled, although it was lower in 4 lakes. Increased
specific conductance indicates that the concentration of salts dissolved in the
Eagan lakes has increased substantially since the previous study. The specific
conductance measured near the surface ranged from 68 xS/cm (microsiemens per
centimeter at 25°C)~ in Shanahan Pond to 695 uS/cm in Burview Park Pond.
Median specific conductance ranged from 102 to 462 uS/cm, also in Shanahan and
Burview Ponds, respectively. The median specific conductance for McCarthy
Lake, 275 puS/cm, was the second highest median in the lakes studied.

It is possible that the high specific conductance in Burview Park Pond 1is
related to incorporation of this pond into the city’s storm-water drainage
system. The median specific conductance in Burview Park Pond during the first
study was 239 uS/cm, which was about half that measured during this study.

Generally, every lake that had increased specific conductance also had
increased concentrations of dissolved chloride. The correlation coefficient
between chloride and conductance exceeded 0.70 in nine of the lakes. Median
chloride concentrations for this study were at least double what they
previously had been in five of the lakes sampled, with a three-fold increase
found in Burview Park Pond and a six-fold increase in Blackhawk Lake.

Median chloride concentrations were lower in two of the lakes studied.
The chloride concentration in Jensen Lake was only 4 percent lower than during
the previous study--a drop from 7.2 to 6.9 mg/L. However, the 55-percent
reduction measured at Cedar Grove Pond was substantial, and probably resulted
from flushing out water that had a high median chloride concentration (38 mg/L)
since the previous study.

1Formerly termed micromhos per centimeter at 25°C.



More detailed water-chemistry data were collected during the previous
study than for this study. See Ayers and others (1980) for a discussion of
these data.

Phosphorus, Chlorophyll, and Transparency

Ayers and others (1980) determined in the previous study that phosphorus
probably was the nutrient limiting phytoplankton growth in the Eagan lakes,
with the possible exception of Boesel, Cedar Grove, Donaldson’s, Langhoven,
McCarthy, and Slater’s Acres lakes and ponds. Based on this assumption and
because of 1limited funding, total phosphorus was the only plant nutrient
measured during this study in all but a few lakes.

Median surficial concentrations of total phosphorus during this study
ranged from 0.02 mg/L in Fish Lake to 0.18 mg/L in Langhoven Lake. Median
concentrations were 0.05 mg/L, or less, in nine lakes sampled. Median
phosphorus concentrations were greater than 0.10 mg/L in Cedar Grove Pond and
Thomas and Langhoven Lakes.

Median surficial phosphorus concentrations declined at least 50 percent
from those found during the previous study in five of the lakes. The average
phosphorus concentration for all the lakes combined was 39 percent lower in
this study. Only Holland Lake had higher phosphorus concentrations--near the
surface and near the bottom.

The reasons for the decreased surficial phosphorus can not be readily
determined from the available data, although many explanations are possible,
including (1) increased precipitation of phosphorus from the lake water to the
lake sediments, (2) reduced loading of phosphorus in runoff to the lakes, (3)
more efficient flushing of the 1lakes following the installation of storm
sewers, and (or) (4) dilution by the above-normal precipitation during the
study period. A 2-year drought occurred during the previous study (Ayers and
others, 1980), whereas, during this study, average annual precipitation was
about 11 inches above normal. It seems that flushing and dilution could have
been the primary causes of reduced total-phosphorus concentrations.

Average concentrations of chlorophyll a in the 1lakes increased
substantially since the previous study. Chlorophyll a concentrations were more
than double those found in the previous study for 10 of the lakes, and were 11
times as great in Langhoven Lake. Increased concentrations of chlorophyll a
indicate that, although phosphorus concentrations have declined in the Eagan
lakes, productivity has increased.

Generally, it is uncommon for chlorophyll concentrations to increase while
phosphorus concentrations decrease because both are closely related to algal
productivity (Reckhow, 1979). Figure 2 shows the relation between summer (May-
September) concentrations of total phosphorus and chlorophyll a in the Eagan
lakes during each of the studies, along with regression relations determined by
other investigators. These 1investigators (Carlson, 1977, and Dillon and
Rigler, 1974) used data from a large number of lakes and determined the line
that best described the relation between total phosphorus and chlorophyll a in
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these lakes; most of which were similar, in character, to the Eagan lakes.
The 1972-78 data tend to plot below and to the right of the regression lines
shown on the figure whereas the 1982-83 data more closely follow the relations
expressed by the regression 1lines. This difference indicates that more
phosphorus was available to phytoplankton than was being used or that the
amount of chlorophyll a detected in the 1972-78 samples was abnormally low.

Secchi-disk transparency and chlorophyll a also are closely related
measurements based on algal productivity (Reckhow, 1979). Figure 3 displays
this relation for 1972-78 and 1982-83 summer data collected from the Eagan
lakes with two regression lines developed by investigators (Carlson 1977, and
Jones and Bachmann, 1974) wusing data methods similar to those used to
determine the relation between total phosphorus and chlorophyll a. It is
apparent that the 1972-78 data tend to plot below and to the left of the
regression lines, whereas the 1982-83 data plot more closely to the regression
lines, particularly the line developed by Carlson (1977). Although Secchi-
disk readings are subject to minor wvariations, the 1972-78 data deviates from
the regression lines more than might ordinarily be expected. Figures 2 and 3
indicate that the chlorophyll a concentrations determined during analysis of
the 1972-78 samples may have been much less than the amount actually in the
water when sampled, which, considered with the instability of chlorophylls
(Greeson and others, 1979a and 1979b,) suggests that much of the chlorophyll a
sampled during the previous study had degraded before analysis and the results
are not representative of lake concentrations.

The average transparency of the Eagan lakes, overall, has not changed
since the previous study; however, substantial changes were observed in many
individual lakes. Mean transparencies were higher in six of the lakes studied
and a two-fold increase was observed in four of those 1lakes. Transparency
declined in five of the lakes; the greatest reduction was found in Blackhawk
Lake where the mean transparency decreased 0.6 meter.

The increased transparency in many of the lakes may result more from a
change in depth than from improved clarity. Readings in several lakes were
limited by shallow depth to lake bottom. Many of these lakes had greater
average depths in this study than during the previous study, which could and
likely did result in greater transparency than had previously been measured.
This will be discussed in greater detail later in the report.

Trophic States

A useful tool for comparative lake-quality studies, called the_ trophic-
state index (TSI), was developed by Carlson (1977). The TSI is computed from
any of three relatively inexpensive measurements made during the summer months
and gives a relative indication of phytoplankton productivity in most lakes. A
low TSI indicates a "cleaner," more oligotrophic lake, whereas a high TSI
indicates a more productive, eutrophic lake. The three measurments used for
the TSI, total phosphorus concentration, chlorophyll a concentration, and
Secchi-disk transparency, relate to productivity as follows: When phosphorus
is the nutrient limiting phytoplankton growth, as often occurs, nearly all the
available phosphorus in water near the lake surface will be used for energy

11
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storage and transfer in the cells of living, active phytoplankton, therefore,
the phosphorus concentration can be a good indicator of phytoplankton
productivity; chlorophyll a is the primary photosynthetic pigment for
phytoplankton and degrades rapidly when the cells die, making it a good
indicator of phytoplankton productivity; Secchi-disk transparency is a
measurement of light attenuation dependent on the amount of turbidity and color
in the water, but in relatively un-colored, non-turbulent lakes, it provides a
measurement of 1light attenuation caused by phytoplankton cells: denser
phytoplankton populations in more productive lakes will result in reduced
transparency.

The equations used to compute the TSI are as follows:

In (SD)

In (2)

2.04-[0.68 1n (chla)]
TSI(Ch]_a) = 10 6‘

In (2)

In]65
In (2)

Where ln = natural logarithm

SD = Secchi-disk transparency in meters
chla = chlorophyll a concentration in micrograms per liter, and
TP = total .phosphorus concentration in micrograms per liter.

Table 2 is a comparative listing of the mean TSI's for the Eagan 1lakes
determined from data collected during this study and the previous study (Ayers
and others, 1980). The values are computed only from the summer values of
total phosphorus, Secchi-disk transparency, and chlorophyll a, as recommended
by Carlson (1977).

Many of the TSI values for each lake are not useful for comparisons.
Many transparency measurements were limited by the depth of the lake and,
although they indicate that the TSI has improved, are greater only because of
increased lake depth. It was determined that measured 1972-78 chlorophyll a
concentrations were much less than expected and would not be appropriate
measurements with which to detect changes in the TSI. Total phosphorus
concentrations appear to be the most reliable measurement of TSI for this and
the previous sttdy and are the measurement that will be discussed here.

13



Table 2.--Trophic-state indices for the Eagan lakes

* : 3s s .

[* Means one or more of the Secchi-disk measurements was limited by the depth
to the bottom of the lake or pond. The actual trophic-state index value
for transparency is less than the one shown in the table.]

Total
Lake phosphorus Transparency Chlorophyll a
1972-78 1982-83 1972-78 1982-83 1972-78 1982-83
Blackhawk........... 66 60 53% 67 48 62
Boesel.............. 80 53 84 77 64 53
Burview............. 67 58 69 60 54 62
Cedar Grove......... 75 73 83 83 60 85
Donaldson........... 58 49 68 64 51 63
Fish................ 41 44 43 48 38 50
Holland............. 37 51 45 52 47 56
Jensen.............. 64 49 74 69 55 64
Lakeside............ 71 63 75 77 56 69
Langhoven........... 78 79 65% 83* 48 77
Lemay............... 66 63 73 74 55 67
McCarthy............ 66 33 72% 57% 54 54
Shanahan............ 65 56 64 69 60 67
Slater’s Acres...... 75 43 70% 57% 57 42
Thomas.............. 70 74 76 79 65 81
Wilderness.......... 70 65 79 69 65 72

14



The average total phosphorus TSI for all the Eagan lakes declined more
than 8 units since the previous study, and substantial changes occurred in
many of the lakes. The TSI for eight lakes declined more than 10 percent and
was more than 40 percent lower in Slater’'s Acres and McCarthy Lakes. The 38-
percent increase at Holland Lake was the only major rise in productivity
observed in the lakes studied, and was accompanied by a substantial decrease
in the transparency.

Based on the limited data used to prepare table 2, many of the lakes have
changed their relative ranking based on TSI. Holland Lake had been the least
productive lake, but became more productive than five other lakes. Blackhawk
and Thomas, lakes that receive storm drainage from a large part of Eagan, are
ranked much lower than they were earlier. Other lakes, such as McCarthy and
Slater's Acres, showed notable improvement in their relative trophic states.

Water-Quality Standards and Effect on Aquatic Life

Criteria for drinking water and the protection of fisheries and
recreation established by the Minnesota Pollution Control Agency were exceeded
during some measurements made in the Eagan lakes for this study. Dissolved
oxygen and pH were measurements that occasionally did not meet established
criteria.

The pH of Class A fisheries and recreation should not exceed the range of
6.5 to 8.5 and Classes B and C should not exceed 6.5 to 9.0 (Minnesota
Pollution Control Agency, 1978). The surficial pH of all the Eagan lakes
sampled for this study occasionally exceeded 8.5 and in many lakes exceeded
9.0; some measured values were greater than pH 10.0. The Class A, B, and C
criteria were exceeded near the surface of the Eagan lakes during the summer
because of high phytoplankton productivity. During photosynthesis,
phytoplankton use most of the available carbon dioxide, causing the pH near
the surface to become highly alkaline while a nearly neutral pH is maintained
at depth.

Class A criteria for fisheries and recreation limit the dissolved oxygen
concentration to a minimum of 7 mg/L; Class B and C criteria establish a
minimum of 5 mg/L (Minnesota Pollution Control Agency, 1978). Measurements of
dissolved oxygen near the lake surface for this study were below the Class A
criteria at least one time in every lake except Boesel Pond. Class B and C

criteria were exceeded in all but four lakes. During the previous study,
however, dissolved oxygen in each of those lakes was measured at
concentrations below the Class B and C criteria. Minimum dissolved oxygen

usually was measured in winter when consumption of oxygen during respiration
and decomposition may exceed production from photosynthesis.

Measurements of dissolved chloride for this study did not exceed the
Minnesota Pollution Control Agency (1978) criteria of 50 mg/L for Class A
fisheries and recreation or the Class A domestic-consumption criterion of 250
mg/L. During the previous study, however, dissolved chloride during drought
conditions did exceed 50 mg/L in several lakes. This suggests that the
criteria could be exceeded again, possibly in many more lakes. High specific
conductance near the bottom of Donaldson’s Pond, discussed later in this
report, suggests that the chloride concentration near the bottom of the lake
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exceeded the criterion for Class A domestic consumption established by the
Minnesota Pollution Control Agency.

Using the lakes for retention of runoff from urban areas makes them
susceptable to contamination with the variety of materials and chemicals that
have become part of daily 1living. Lead from automobile and small-engine
exhaust could be washed into the lakes and accumulate in the ecosystem. 0il
and grease could be accidentally or intentionally drained into lakes and
damage the ecosystems or detract from the esthetic quality of the 1lakes.
Inadequately controlled organic chemicals, including carelessly applied
pesticides and PCB's leaked from transformers and capacitors, also could
adversely affect lake ecosystems.

QUALITY OF INDIVIDUAL LAKES

Following is a brief discussion of the quality of each of the lakes
studied in Eagan. Accompanying the discussion are tables describing
morphometric and water-quality characteristics of the lakes. The information
below should help the reader understand the values displayed in the tables.

MORPHOMETRY

Direct drainage area - land directly adjacent to the lake that provides runoff
directly to the lake without passing through ponding

areas.

Lake area - the normal surface area of the lake.

Developed area - that part of the direct drainage area having substantial
amounts of pavement and residential or commercial
buildings.

Ponded drainage area - land that provides indirect runoff to the lake because
water passes through ponding areas. This runoff
generally 1is  conveyed by the storm-water drainage
system.

1972-78

average depth - see discussion of modeling in Methods and Approach
section.

1982-83

average depth - see discussion of modeling in Methods and Approach
section.

Normal elevation - the expected elevation of the lake surface above mean

sea level based on long-term observations.
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Maximum elevation

Maximum measured
depth

Max
Min

Mean

Med

Temperature
Specific

conductance
Dissolved oxygen
pH

Dissolved chloride

the lake-surface elevation at which the lake water would
flow through natural or man-made outlets.

the maximum depth measured during sample collection,
1972-78 and 1982-83.

WATER QUALITY

Table Headings
number of measurements made
maximum measured value
minimum measured value

an average value
and dividing by N

determined by summing all the values

median, a value such that half of the values are greater
and half are less

Constituents and Measurements

°C (degrees Celsius)

pS/em  at 25 °C (microsiemens per centimeter at 25
degrees Celsius)

mg/L (milligrams per liter)

standard units

mg/L as Cl1 (Chlorine)

Dissolved means that the chemical analysis for the
constituent was made on the material in the water
sample which passed through a 0.45-um (micrometer)

membrane filter. (page 4, Skougstad and others, 1979).
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Total phosphorus - mg/L as P (Phosphorus)

Total means that the chemical analysis for the
constituent was made on the total amount of the
constituent in a representative water-suspended
sediment sample, regardless of the constituent’s
physical or chemical form. This term is used only when
the analytical procedure assures measurement of at
least 95 percent of the constituent present in both the
dissolved and suspended phases of the sample. (page 4,
Skougstad and others, 1979).

Nitrogen - mg/L as N (Nitrogen)

NO9 +NO3 - nitrite plus nitrate nitrogen
NH, + organic - ammonia plus organic nitrogen
Suspended solids - mg/L

Suspended solids are the material retained on a glass-
fiber filter after a representative water sample has
been passed through the filter and the filter has been
heated at 105 °C. (page 573, Skougstad and others,
1979).

Volatile suspended
solids - mg/L

This is the difference between the weight of suspended
solids and the weight of the residue after the
suspended solids have been ignited at 550 °C. (page
559, Skougstad and others, 1979).

Transparency - the approximate depth in meters at which a white

"Secchi" disk, 20 centimeters in diameter, disappears
from view in the water.
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Blackhawk Lake

INCREASED CHLORIDE CONCENTRATIONS MAY RESULT FROM ENLARGED WATERSHED

Runoff from added urban drainage area may have caused a statistically
significant increase in the concentration of dissolved chloride.

Dissolved chloride concentrations increased sixfold between the 1972-78
sampling and the 1982-83 sampling of the lake. Wetzel (1975) indicates that
pollutional sources of chloride can greatly modify natural concentrations. It
is likely that road salt has drained into Blackhawk Lake. Average concentra-
tions of most other constituents measured, including dissolved and total
phosphorus, total ammonia plus organic nitrogen, and suspended solids, were
much lower than previously measured, and, with the exception of suspended
solids, the differences had at 1least a 7l-percent probability of being
significant.

Transparency was much lower during the 1982-83 measurements of Blackhawk
Lake. Total phosphorus concentrations had declined over this same period
indicating that productivity decreased, so it is possible that some material
introduced with runoff is interfering with the clarity, but was not measurable
as suspended solids. Other explanations are that phytoplankton were making
more efficient use of phosphorus than during the 1972-78 sampling or that
phosphorus is not a limiting nutrient and does not relate to productivity or
transparency.

WATER QUALITY

[Samples taken near the surface of the lake.
See page 17 for descriptions of the constituents measured.
--, no data; <, less than]

1972-78 1982-83
Foot-

Constituent note N Max Min Mean Med N Max Min Mean Med
Temperature (°C) 17 28.5 c.0 16.3 17.5 5 26.6 1.5 17.6 23.5
Specific conductance

(uS/cm at 25 °C) 17 300 103 217 225 4 290 195 234 224
Dissolved oxygen (mg/L) 17 16.5 0.2 9.4 10.1 5 14.1 0.6 7.2 7.6
pH (standard units) 17 10.2 7.4 8.0 8.5 5 9.2 6.7 7.3 9.0
Dissolved chloride (mg/L as Cl) 1 17 6.9 1.9 3.1 2.7 5 21.0 16.0 17.6 17.0
Total phosphorus (mg/L as P) 15 .24 <.01 .11 08 5 .10 .05 .07 .06
Dissolved phosphorus (mg/L as P) 6 .07 <.01 .04 04 5 .03 <.01 .02 .02
Nitrogen (mg/L as N)

NO, + NO4 8 .16 <.1 .06 <.1 5 14 <1 .07 <.1

NH, + Organic 10 8.5 1.2 3.2 2.4 5 2.0 .8 1.5 1.6
Suspended solids (mg/L) 8 41 o 20 20 5 10 2 7.2 8
Volatile suspended solids (mg/L) 0 -- - -- -- 5 10 1 3.8 2
Transparency (m) 2 9 2.2 .33 1.3 1.4 4 .91 .40 .72 .78

1 The difference in the median values were found to be statistically significant as described on page 6.
2 One or more measurements for the 1972-78 period were limited by the depth to the lake bottom. The
maximum, mean, and median values may be great than those listed.
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Table 3.--Results of phosphorus-prediction models

Models from Ayers and others, 1980

(1) Regression model -- P = (3,635,381 + 92,297DEVP - 590,1029LOGV0L)1/3

(2) Sigma model -- P = LOADP/ {Z*(SIGMA + RHO)] ....where: SIGMA = exp(-2.25 + 3.2QSL0G); if QS < 3.51
SIGMA = 3 + 1.28RHO; IF QS > 3.50

(3) Retention model -- P = (LOADP/Z)*RC ....where: RC = exp(-0.4124 - 1.1778RHOLOG)

(4) Deep lake model -- P = LOADP/ [Z*(2QS + RHO)]

Other published models

(5) Chapra-Tarapchak (1976) model -- P = (LOADP/QS)*(1 - RV) ....where: RV = 12.4/ (12.4 + QS)
(6) Jones-Bachmann (1976) model -- P = LOADP/ [Z*(0.65 + RHO)]
(7) Reckhow (1979) oxic model -- P = LOADP/ [18Z/ (10 + Z) + 1.05QS * exp (0.012QS)]

0.454

(8) Walker (1977) model -- P = LOADP/ QS*{1 + 0.824(1/RHO) ]

(9) Land-locked lobound model (Reckhow, 1979) -- P = LOADP/ (16 + QS)

(10) Land-locked hibound model (Reckhow, 1979) -- P = LOADP/ 13.2
where: P = Predicted total phosphorus (ug/L) RHO = annual runoff per unit lake volume
DEVP = percentage of drainage area developed (annual flushing rate, dimensionless)
LOGVOL = natural log of lake volume (acre-feet) RHOLOG = natural log of RHO
LOADP = annual load of phosphorus per unit QSLOG = natural log of QS
lake area [(mg/mz)/yr] QS = annual runoff per unit lake area (m/yr)
z = mean lake depth (m) exp = e®=(2.71828....)°
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Table 4.--Results of phosphorus-prediction models compared to the
median phosphorus concentration for 1982-83

Total phosphorus concentration in micrograms per liter

Median Predicted by model (number)
concentration

Lake 1982-83 (1) 2) (3) (4) (5> (6) (7) (8) (9) (10)
Fish 20 160 140 160 19 12 45 26 69 10 12
Holland 30 97 98 190 14 19 43 29 74 15 19
Jensen 30 76 110 99 30 11 64 37 66 8 11
Slater’s Acres 30 160 150 220 85 64 260 180 220 51 73
McCarthy 40 120 150 160 78 40 200 140 160 32 45
Boesel 50 110 100 88 26 9 54 31 57 7 9
Donaldson’s 50 210 200 420 71 340 570 420 470 290 590
Lemay 50 190 260 310 94 59 270 170 250 47 63
Shanahan 50 110 130 120 44 17 100 63 94 14 18
Blackhawk 60 130 180 180 53 25 130 79 130 20 26
Burview 60 150 110 240 86 97 310 220 260 79 120
Wilderness 70 190 300 260 110 42 250 160 220 33 44
Lakeside 80 160 230 220 61 29 150 90 150 23 30
Thomas 130 110 140 120 46 15 98 59 91 12 15
Cedar 150 220 300 320 170 460 710 510 5980 420 1100
Langhoven 180 200 240 230 370 170 550 470 470 140 220
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retention basins, (6) magnitude and impacts of nutrient flushing into and out
of lakes, (7) impact of flushing or loading at various seasons, and (8) rates
of internal nutrient loading. Another factor that needs to be considered in
developing new models for the Eagan lakes, is that phosphorus probably would be
introduced primarily from the direct drainage area because particulate
phosphorus would settle-out in ponding areas, whereas, flushing can result from
runoff from both the direct and indirect drainage areas and decrease the
average residence time of water in the lake.

SUMMARY AND CONCLUSIONS

The 16 lakes in Eagan that were sampled for this study generally are
similar but specifically are unique. None of the lakes have natural inlets or
outlets, and they probably are connected hydraulically to ground water in the
surficial glacial drift. Most of the lakes have been incorporated into the
city’'s storm-sewer system and have artificial inlets and outlets. The average
of measurements made near the surface of the lakes during this study showed
that specific conductance ranged from 102 to 462 uS/cm and chloride
concentrations ranged from less than 5 mg/L to more than 30 mg/L. Average
total phosphorus concentrations and transparency also ranged widely from 0.02
to 0.18 mg/L and from 0.22 to 2.7 meters, respectively, during the sampling.

Many changes in the morphology and quality of the lakes occurred since the
previous study was completed. Changes in lake depth may be attributed to
either or a combination of (1) installation of the storm-sewer system that
increased runoff to the lakes, (2) above-normal precipitation that increased
runoff to the lakes during the study period, (3) elevated ground-water levels
that caused elevated lake levels, or (4) partial filling of the 1lake by
sediment transported with the runoff. Statistically significant increases in
chloride and specific conductance in many of the lakes indicate that
substantial amounts of urban runoff are entering the lakes.

Detrimental effects anticipated as a result of urban runoff to the lakes,
including contamination by chloride, oil and grease, and pesticides, seem to be
offset by the advantage that the lakes occasionally are flushed by runoff that
contains lower concentrations of total phosphorus. Several of the lakes that
receive urban runoff had improved transparency and reduced concentrations of
total phosphorus since the previous study, changes which occasionally were
statistically significant. 1In some lakes, however, phosphorus was reduced but
transparency was less, indicating that some of the data are inconclusive or
that other mechanisms are affecting lake productivity.

Urban runoff to a lake in a community adjacent to Eagan has been shown to
contain elevated concentrations of phytotoxic metals, but not at harmful
levels. 1If concentrations of these metals were sufficient, phytoplankton would
be killed and would carry cellular phosphorus to the sediment on the lake
bottom, This would reduce concentrations of phosphorus and chlorophyll and
improve transparency, resulting in the measured improvement in trophic status.
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The average trophic status of the Eagan lakes based on summer values of
total phosphorus improved more than 8 units since the previous study, but a

variety of changes were observed. Trophic status improved substantially in
seven of the lakes and the greatest improvements, more than 30 index units,
were measured in McCarthy Lake and Slater’s Acres Pond. Four 1lakes had a

higher trophic-state index, indicating the trophic status had declined; the
greatest increase, 14 units, occurred in Holland Lake.

Phosphorus-loading lake-quality models developed during the previous study
were tested with the recently acquired data and generally were found to be
inadequate. The deep-lake model developed by Ayers and others (1980) was
determined to be the most accurate, predicting in-lake phosphorus concentra-
tions to within 5 percent in Fish Lake and 20 percent in 4 of the 14 shallow
lakes. The accuracy of the models probably is limited because they do not
consider ground-water flux, recycling and flushing of phosphorus, interactions
between fish, zooplankton, and phytoplankton, the impact of rooted aquatic
plants, and a multitude of other factors related to the effects of the storm-
sewer system on phosphorus concentration in the lakes.

Results from this study indicate that the Eagan lakes generally behave
independently from one another, with a multitude of unquantified and variable
influences affecting the water quality. Comparisons between past and present
lake quality are difficult because average precipitation between the two
periods changed substantially and because relatively few samples were available
for statistical analysis.

Subsequent studies could be made to assess the long-term effect of runoff
received by the lakes, but need to be designed with a different emphasis. A
few key lakes studied over a longer period might explain many of the variations
observed. Gaged inflow and outflow with intensive storm-runoff sampling would
better quantify loading and flushing to and from the lakes. Ground water in
the vicinity of the lakes could be monitored to determine the degree of
interaction betwéen ground water and the lakes and to determine the effect of
urban runoff on the quality of the ground water.
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